In our previous studies, we identified 12 multiple myeloma (MM)-associated antigens by serological analysis of tumor-associated antigens with a recombinant cDNA expression library (SEREX) on MM. MM-associated antigen-8 (MMSA-8) was one of the new antigens identified. We determined the 3'-and 5'-ends of MMSA-8 using SMART-rapid amplification of cDNA ends (RACE) and then cloned its full-length cDNA in the U266 cell line. The full cDNA sequence revealed that MMSA-8 is RPS27A-related transcript variant 1 that is specifically associated with MM.
Introduction
Multiple myeloma (MM), characterized by a heterogeneous clonal proliferation of plasma cells, is the second-most common hematological malignancy (1) . MM is responsible for 15-20% of deaths from hematological malignancy (1) . Targeted therapies such as the proteasome inhibitor (PI) bortezomib (Bz), the immunomodulatory drugs (IMiDs) lenalidomide and thalidomide (Th) have vastly improved the prognosis of MM patients (2) (3) (4) . Unfortunately, MM is a heterogeneous disease with various disease courses, responses to therapy and survival outcome, and many patients still have to face challenges from disease progression (DP) and eventually succumb to MM (5) . Thus, research to identify novel therapeutic agents is urgently needed. One promising area of recent investigation is the development of immunotherapies that target and eliminate myeloma cells more selectively (6) (7) (8) (9) (10) (11) . The premise of these therapies is the identification of cancer-specific and/or cancer-associated antigens (CAA) through the immune system. Moreover, finding an effective serological molecular marker which can forecast the prognoses and therapeutic responses of MM patients will be a valuable tool for MM therapy.
MM-associated antigen-8 (MMSA-8) (GenBank no. AY952889.1) is a new MM-associated antigen (MAA) that we previously identified. We serologically assessed tumor antigens using a recombinant cDNA expression library (SEREX) of MM to identify MM-associated antigens (MMSAs). MMSA-8 was confirmed as a new antigen that specifically interacted with the serum from patients with allogeneic myeloma but did not interact with normal donors (12) . Differences in the MMSA-8 sequence with the novel available working version of the human genome suggests that MMSA-8 is a new RPS27A-related transcription variant that is specifically associated with MM. The corresponding gene is human RPS27A, which is located on chromosome 2p16. RPS27A transcript variant 1, RPS27A transcript variant 2 and RPS27A transcript variant 3 are distinct transcripts of RPS27A, but they encode the same protein (13, 14) . Further exploration of the correlation between MMSA-8 and RPS27A and of MMSA-8 expression patterns in MM thus became necessary. Therefore, the full-length cDNA sequence of MMSA-8 was cloned and its expression pattern was investigated in MM patients.
Materials and methods
Cell line culture. U266 cells were purchased from the Institute for Cancer Research of the Medical School of Xi'an Jiaotong University (China). The cells were cultured with RPMI-1640 medium (Gibco-BRL, Life Technologies Ltd., Paisley, Scotland) that was supplemented with 15% fetal bovine serum (FBS), 0.1 mg/ml streptomycin and 100 U/ml penicillin G and incubated at 37˚C in a humidified atmosphere with 5% CO 2 . Cells in a log phase of growth were used for all experiments. Th (100-200 mg) was taken orally each day during chemotherapy intervals. Most patients received a Th-P combination as maintenance therapy. Therapeutic responses were defined as complete remission (CR), partial remission (PR), progression or relapse. Follow-ups were performed on 68 MM patients, and the 17 MM patients were assessed at the first time of diagnosis and relapse. The duration of the median follow-up was 25.5 months, with a range of 5 to 45 months. All collected samples had the written informed consent of the subjects. The Ethics Committee of the School of Medicine of Xi'an Jiaotong University approved the study and all procedures were conducted in compliance with the Declaration of Helsinki.
Characterization of the MMSA-8 transcript using 3'-and 5'-RACE. To characterize the intact MMSA-8 transcript, 3'-and 5'-rapid amplification of cDNA ends (RACE) was performed using the SMARTer™ RACE cDNA Amplification kit (Clontech Laboratories, Inc., Mountain View, CA, USA) according to the manufacturer's instructions. The existing MMSA-8 sequences were used as a guide to design primers using Primer Premier 5.0 (12) . Briefly, total RNA was isolated using TRIzol (Gibco-BRL, NY, USA). Total RNA (1 µg) was used to generate 3'-or 5'-RACE-ready cDNA using special primers, and associated reagents provided in the Moloney Murine Leukemia Virus (MMLV) reverse transcriptase kit.
The nested PCR reactions for 5'-and 3'-RACE began with primary PCR, consisting of incubation at 95˚C for 3 min before 33 cycles of denaturation at 94˚C for 30 sec, annealing at 58˚C for 30 sec, an extension at 72˚C for 60 sec and a reconditioning step at 72˚C for 7 min. Primary PCR was followed by secondary PCR, consisting of the same process as the primary PCR. The 3'-and 5'-RACE products were electrophoretically separated in a 1% agarose gel with 1X TAE buffer. The resulting bands were eluted with the Agarose Gel DNA Purification kit (Takara, Dalian, China) and were then cloned into the pGEM-T Easy vector (Promega, MI, USA). Four clone products from the same band were then sequenced. The DNA sequencing service was executed at Sangon Biological Engineering Technology and Service Co., Ltd. (Shanghai, China). Its corresponding primer pairs are listed in Table II .
Isolation and sequencing of MMSA-8 transcript. We used the sequences of the 3'-and 5'-RACE products of MMSA-8 as a guide for designing primers to isolate the full length sequence of MMSA-8. RT-PCR was performed with the High Fidelity Prime Script™ RT-PCR kit (Takara). The product was electrophoretically separated in a 1% agarose gel with 1X TAE buffer. The resulting bands were cloned and the four clone products from each of the bands were then sequenced as previously described. Its corresponding primer pairs are listed in Table II .
Bioinformatics. Our newly cloned full-length sequences were then analyzed using Basic Local Alignment Search Tool (BLAST) search with GenBank at the NCBI. The potential coding sequences were validated with the open reading frame (ORF) finder of the NCBI.
Real-time quantitative PCR assay. Leukocyte cells were isolated from bone marrow samples using density gradient centrifugation with Ficoll-Hypaque. Total RNA was extracted from 1x10 6 leukocytes using TRIzol (Gibco-BRL, Gaithersburg, MD, USA). RNA quality was visually assessed by confirmation of intact 28 and 18S ribosomal bands following agarose gel electrophoresis and ethidium bromide staining. cDNA was synthesized using the RevertAid First Strand cDNA synthase kit (Fermentas, Lithuania) according to the manufacturer's instructions. Primers for qRT-PCR were designed using Primer Premier 5.0 software. Human β-actin primers were used as an internal control. qRT-PCR was performed using the SYBR-Green PCR kit (Takara, Japan) according to the manufacturer's instructions on an ABI PRISM 7500 real-time PCR system. The following thermal cycling conditions were used: 95˚C for 3 min, followed by 40 cycles of 7 sec at 95˚C and 10 sec at 57˚C. The qRT-PCR reactions were performed in total volumes of 20 µl that contained 2 µl of sample cDNA and 0.4 µM of each primer. The resulting qRT-PCR products were 151 and 176 bp, respectively. The comparative CT method was used, and the data are presented as 2 -ΔΔCT (15) . Its corresponding primer pairs are listed in Table ΙΙ . Statistical analysis. Mann-Whitney U tests and Fisher's exact test were used. Spearman correlation was used to detect the relationship between the expression value and levels of MMSA-8 and the clinical parameters. The Kaplan-Meier method was used to calculate the progression-free survival (PFS) and overall survival (OS). Differences between survival MMSA-8 expression in MM patients. MMSA-8 mRNA and protein levels were assessed in healthy donors and in newly diagnosed, relapsed and CR groups using qRT-PCR and western blotting. The mean relative value of MMSA-8 expressed in the control group was 9.10E-01. An MMSA-8 expression value that was one log grade higher than the expression value in the control group was defined as positive; lower values were considered to be negative. MMSA-8 transcript levels revealed a striking increase in patients with DP (i.e., newly diagnosed or relapsed) relative to normal donors (P<0.001 for both groups; Fig. 1A ). Greater upregulation of MMSA-8 mRNA expression was observed in relapsed patients relative to the CR group (P<0.001, Fig. 1A ). There was also a significant statistical difference between healthy donors and the CR group (P= 0.03; Fig. 1A ). Western blot assay detected MMSA-8 protein in most MM patient samples (Fig. 2) . β-actin expression was used as a loading control. A significant correlation was detected between MMSA-8 protein levels and MMSA-8 mRNA expression levels (r= 0.813, P<0.001) (data not shown). (Table I ). The expression levels of MMSA-8 were higher in patients with unfavorable cytogenetic abnormalities, including the presence of t(11;14), t(4;14), t(14;16), del(17p), del(13q) and double abnormalities; this correlation was statistically significant (Table I ). There were no significant relationships between mRNA expression of MMSA-8 and age, sex, immunoglobulin isotype, bone lesions, renal failure, anemia, hypercalcemia or hyperdiploid abnormalities (Table I) .
Association of MMSA-8 expression levels with patient clinicopathological features.

Association of MMSA-8 expression with therapeutic response.
The association of MMSA-8 expression with treatment response was examined; treatment responses were classified as CR, PR, progression or relapse. The mean MMSA-8 levels were 5.11E+01 in patients with PR, 6.58E+01 in patients with DP and 9.93E+01 in patients with relapse. The three groups exhibited much higher MMSA-8 expression than the CR group (P=0.001, P<0.001 and P<0.001, respectively; Fig. 1B) . A significant difference between the PR and relapse groups was also found (P=0.004; Fig. 1B) . Association of MMSA-8 expression with p53 deletion. Table I shows the prevalence of the p53 deletion in MM patients, as assessed using fluorescence in situ hybridization (FISH) at diagnosis. The p53 deletion was detected in 8 of the 79 patients, and all 8 (100%) of the p53-deletion patients were positive for MMSA-8 expression. The positive MMSA-8 expression rates were lower in patients without p53 deletion (69.01%), although this tendency was not statistically significant (P= 0.098). The level of MMSA-8 expression was higher in groups with the p53 deletion than in groups lacking this genetic aberration; this tendency was statistically significant (P=0.001; Table I ). (Table III) . A multivariate analysis confirmed myeloma cell burden, p53 deletion and MMSA-8 expression level as risk factors for PFS and OS (Table IV) .
Correlation
Discussion
MMSA-8 is an MM-associated antigen that was identified by SEREX. The present study first determined the 3'-and 5'-ends of the MMSA-8 cDNA sequence in MM using SMART-RACE. The MMSA-8 cDNA sequence was fully concordant with RPS27A transcript variant 1 (13, 14) . The RPS27A gene encodes a fusion protein comprised of ubiquitin (Ub) at the N terminus and ribosomal protein (RP) S27a at the C terminus. RPS27a is a ribosomal protein with a Ub C-terminal extension. The Ub-RPS27a precursor protein is rapidly processed by hydrolysis into an individual Ub monomer (16) (17) (18) . RPS27a may perform extra-ribosomal functions in addition to its role in ribosome biogenesis and in post-translational protein modification. RPS27a is overexpressed in mouse liver cancer and in some human tumors (19) (20) (21) . The exact extra-ribosomal function of RPS27a is not clear. Expression of RPS27a was increased in HMy2 cells, PRMI8226 cells and U266 cells in the present study. RNA interference (RNAi) technology demonstrated that MMSA-8 downregulation inhibited U266 cell growth, increased cell apoptosis and the number of cells in the S phase. Our results suggest that MMSA-8 exerts a significant role in the generation and progression of MM. This study investigated MMSA-8 mRNA and protein expression in MM patients and normal donors, and its Table Ⅲ . Univariate analysis of PFS and OS in MM patients. relationship with certain clinicopathological characteristics in prognosis. We detected that the expression levels of MMSA-8 were significantly upregulated in MM patients compared with those in normal donors and that relapsed patients exhibited a greater upregulation of MMSA-8 expression compared to the CR group. These results confirmed our previous hypothesis that MMSA-8 expression is closely related to DP. The difference in the expression of MMSA-8 in various characteristic groups indicated its unfavorable associated clinicopathological characteristics. Age, ISS stage, bone lesions and creatinine, LDH, CRP, Hb and calcium levels are independent prognostic factors of MM, and the present study indicated that patients in ISS stage III with higher LDH or CRP levels also had higher MMSA-8 expression levels (22) (23) (24) (25) . The MMSA-8 value was also higher in patients with unfavorable cytogenetic abnormalities, including the presence of t(11;14), t(4;14), t(14;16), del(17p), del(13q) and double abnormalities, and this association was statistically significant (26) (27) (28) (29) (30) . However, there was no statistically significant association between MMSA-8 expression and age, anemia or hypercalcemia, thereby contradicting some previously published studies (31, 32) . This discrepancy may be the result of the multiplicity and heterogeneity of myeloma cells in our studies (33) . Positive MMSA-8 expression was associated with unfavorable clinical features at diagnosis. Strong evidence confirms that MMSA-8 is an unfavorable prognostic factor in MM. We also observed the lowest MMSA-8 mRNA expression level in the CR group, compared to patients with PR and DP. Relapsed patients exhibited the highest MMSA-8 expression, further supporting the hypothesis that MMSA-8 is a strong prognostic factor of response to therapy in MM patients. Deletion of p53 was detected in 8 of the 79 patients in our study and was associated with increased MMSA-8 mRNA levels, suggesting that MMSA-8 is related to p53 deletion. p53 is a tumor-suppressor gene that has been involved in the control of cell proliferation, differentiation, invasion and apoptosis (34) . p53 gene deletions in MM are associated with poor patient survival (28, (35) (36) (37) . As a direct transcriptional target of p53, the RPS27A gene is often overexpressed in response to DNA damage (38) . RPS27a also interacts with MDM2 to suppress MDM2-associated p53 ubiquitination and then leading to the activation of p53 and cell cycle arrest (39) . RPS27a may perform extra-ribosomal functions in addition to its role in ribosome biogenesis and post-translational protein modification (40, 41) . Previously published research support our observations and conclusion, but the intrinsic mechanism involved in p53-RPS27a interactions requires further investigation (39) .
We also analyzed the correlation between MMSA-8 expression and clinical outcome. The results demonstrated that the patients in the MMSA-8-positive group had lower rates of PFS and OS than the MMSA-8-negative patients. Patients with positive MMSA-8 expression also had significantly shorter PFS and OS. Univariate risk factor analysis found that ISS stage, CRP, LDH, myeloma cell burden, del(17P), del(13q), double cytogenetic abnormalities, p53 deletion and MMSA-8 expression were significantly significant. Multivariate analysis revealed that only the expression level of MMSA-8, p53 deletion and myeloma cell burden were independent risk factors in MM patients. These findings are consistent with previously published studies (42) (43) (44) . However, we are the first to observe the relevance of the expression level of MMSA-8 to patient survival.
PFS OS ------------------------------------------------------------------------------------------------------------------------------------------------------------
In conclusion, the full-length cDNA sequence of MMSA-8 was cloned in MM and it was hypothesized that MMSA-8 is MM-associated RPS27A transcript variant 1. We firstly demonstrated the specific expression of MMSA-8 in MM patients and the association of its dysregulation with unfavorable clinical features at diagnosis and poorer therapeutic outcome in MM. Univariate and multivariate analyses revealed that MMSA-8 may be an independent prognostic factor in MM. The present study supports further investigation to ascertain MMSA-8 as a promising diagnostic marker and therapeutic target in MM. Future studies should focus on its pathophysiological relevance in myeloma cells, especially with regard to its interaction with p53.
